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Euclid, ca. 350 B.C.E.

Chapter 9 Geometric Figures

MATHEMATICAL SYSTEMS

More than 5000 years ago. the Egyptians and Babylonians were using geometry in survey.
ancient mathematicians discovered geometric facts and re};j_
on and inductive reasoning. Because of their approach,
they could never be sure of their conclusions, and in some cases their formulas were incor-
rect. The ancient Greeks, on the other hand, viewed points, lines, and figures as abstrac|
concepts about which they could reason deductively. They were willing to experiment ip
order to formulate ideas, but final acceptance of a mathematical statement depended on
proof by deductive reasoning. The Greeks™ approach was the beginning of mathematical

ing and architecture. These
tionships through experimentati

systems.
A mathematical system consists of undefined terms, definitions, axioms, and theo-

rems. There must always be some words that are undefined. Line is an example of an unde-

fined term in geometry. We all have an intuitive idea of what a line is, but trying to define i
involves more words, such as straight, extends indefinitely, and has no thickness. These
words would also have to be defined. To avoid this problem of circularity, certain basic
words such as point and line are undefined terms. These words are then used in definitions
to define other words. Similarly, there must always be some statements, called axioms, that
we assume to be true and do not try to prove. Finally, the axioms, definitions, and undeﬁned

terms are used together with deductive reasoning to prove statements called theorems.

Theorems

Undefined terms
Definitions
Axioms

i R

HISTORICAL HIGHLIGHT

The crowning achievement of Greek mathematical reasoning was Euclid’s Elements.

series of 13 books written about 300 B.C.E. These books contain over 600 theorems, which
were obtained by deductive reasoning from 10 basic assumptions called axioms. Although
much of the material was drawn from earlier sources, the superbly logical arrangememd
the theorems displays the genius of the author. Euclid’s Elements stood as a model of
deductive reasoning for over 2000 years, and few books have been more important to the

thought and education of the western world.*

*D. M. Burton, The History of Mathematics, 6th ed. (New York: McGraw-Hill, 2006), pp- 143-170.

POINTS, LINES, AND PLANES

One fundamental notion in geometry is that of a point.
points. Points are abstract ideas, which we illustrate by
pointed objects. These concrete illustrations have width
dimensions. The following description of a point, from Mr. For
Townsend Warner, indicates some of the problems associated

school children the concept of a point.” -

All geometric ﬁgurcsﬂl'”‘,"!-‘ ,
dots, corners of bOXes: and Ws ]
and thickness, but P"ims'118 ;
tune’s Maggoh by
with teaching €=

Quoted in J. R, Newman, The World of Mathematics, 4th ed. (New York: Simon and S‘-’-h“ﬁ'

Figur



Section 9.1  Plane Figures

e guided Lueli down to the

ith a mind prepared for the onset, h

Calm, methodical, w
ded a small hole in it.

beach and with a stick prod
“What is this?”
“A hole”

“No, Leuli, it may seem like a hole,
Perhaps he had prodded a little too emphatically. Lueli’s mistake was quite

natural. Anyhow, there were bound to be a few misunderstandings at the start.
He took out his pocket knife and whittled the end of the stick. Then he tried again.

“What is this?”

«“A smaller hole.”

“point,” said Mr. Fortune suggestively.

“Yes, | mean a smaller point.”

“No, not quite. It is a point, but it is no
sizes, but no point is larger or smaller than another point.”
e describe intuitively as being “straight” and extending
dges of boxes and taut pieces of string or wire are
hrough points A and B and is denoted by Xg
definitely in both directions. If two or more

but it is a point.”

t smaller. Holes may be of different

A line is a set of points that w
indefinitely in both directions. The

models of lines. The line in Figure 9.1 passes t

The arrows indicate that the line continues in

points are on the same line, they are called collinear.

>
B

~—
A

Figure 9.1
e describe a plane as being “flat”

faces of floors and walls are other
ated by a drawing that uses

r set of points that is undefined. W
ding indefinitely. The surf
nes. A plane can be illustr
that it extends and is not bounded.

A plane is anothe
like the top of a table, but exten
common models for portions of pla
arrows, as in Figure 0.2, to indicate

bl

a2 model for part of a plane.

A standard sheet of paper 18
as a model for a line?

1. What part of a sheet of paper might be used

2. What part of a sheet of paper might be used as a model for a point?
ained by folding a sheet ol paper?

3. How can models of lines and points be obt

2. Each corner of the paper is

Solution 1. Eachedge of the paper is a model for part of a line.
a2 model for a point. 3. The crease made by folding a sheet of paper is a model for part of a line.

Two folds can produce parts of two lines that intersect in a point.
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Figure 9.3

Figure 9.4

Figure 9.5
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ndefined terms in geometry that are used to define other

Points, lines, and planes are u
aphs contain some of the more commany

terms and geometric figures. The following paragr
definitions and examples of figures that occur in planes.

HALE-PLANES, SEGMENTS, RAYS, AND ANGLES

artitions the plane into three disjoint sets: the points on the

Half-Planes A line in a plane p
he plane into hall-planes with

line and two half-planes. Line € in Figure 0.3 partitions t
point A in one hall and point B in the other.

Line Segments A line segment consists of two points on a line and all the points
between them (Figure 9.4). The line segment with endpoints A and B is denoted by AB.
To bisect a line segment means to divide it into two parts of equal length. The midpoint

C bisects AB.

Line segment AB
o— @ te]
A C B

itions the line into three disjoint sets: the point
alf-lines that are determined by point P- Aray
f the half-lines determined by the
d contains point E, is denot

Half-Lines and Rays A pointon a line part
and two half-lines. Figure 9.5a shows two h
consists of a point on a line and all the points in one ©
point. The ray in part b, which has D as an endpoint an

by DE.
=5
Half-line Half-line Ray DE
~ —0— —
P D E
(@) (b)

f two rays, as shown in Figure 9.
as in part b. This endpoint is c_al;efi o
des of the angle. The anglé with VU=
Sometimes it is €O

or by a numerth #€

Angles An angle is formed by the union o
line segments that have a common endpoint,
and the rays or line segments are called the si
whose sides contain points F and H, is denoted by £ FGH.
an angle by the letter of its vertex, such as A.G in part &

identify
#1 in part b.
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G H s
(a) (b)

Fold a standard sheet of paper to create models of the following terms.

1. Parts of two opposite half-planes 2. A bisected line segment
3. Part of ajray 4. Anangle

Solution 1} Any crease creates two half-planes. 2. Fold the paper to obtain a crease and draw
a line in the crease, as shown in figure (a). Select two points A and B on the ling, and fold the line
onto itself so that point A coincides with point B. The point where the new crease intersects segment
AB is the midpoint that bisects AB into two segments. 3. Any crease creates a line, and selecting a
point on the line determines two rays. 4. Any two folds that form creases that intersect in a point
create four angles having the point as a vertex. Figure (D) shows angles 1, 2,3, and 4.

The ability to determine the number of line segments whose endpoints are a given number

of points has many practical applications. One of these became evident in the early days of

the development of the telephone systemm. The fundamental problem was how to connect

two people who wanted to talk. This was done by connecting cords and plugs for each pair L
of people. In 1884, Ezra T. Gilliland devised a mechanical system that would allow 15 sub- I
scribers to reach one another without the aid of an operator.

Problem

How many line segments are needed to connect 15 points in a plane so that each pair of
points are the endpoints of a line segment?

Understanding the Problem One line segment connects 2 points, and 3 line segments
connect 3 points. Question 1: How many line segments arc needed to connect 4 points?

Devising a Plan Let’s examine a few more special cases. Perhaps the strategies of solving
a simpler problem and finding a patermn will lead to a solution. In the following figure,
& line segments have the points A, B, C,and D as endpoints. Question 2: How many new
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line segments are needed to connect E to each of these 4 points, and what is the total num-

ber of line segments connecting the 5 points?
Properties of Triangles A e
If each vertex of a triangle is
connected to the midpoint of the
opposite side of the riangle, will

the areas of the six smaller trian- L
ales ever be equal? This and sim-
ilar questions are explored using eFr
Geometer's Sketchpad® student

modules available at the com-

panion website. B

C
A

Carrying Out the Plan Placing a sixth point, F, in the diagram, we can see that there will

be 5 new line segments from /(o the other points and a total of 15 line segments for the

6 points. Find a pattern and complete the following table. Question 3: How many line
B segments are required to connect 15 points?

No. of points 2 3 4

3

Mathematics Investigation
Chapter 9, Section 1
www.mbhe.com/bbn Looking Back You probably recognize the numbers 1, 3, 6, 10, 15, etc., in the table as

triangular numbers (Chapter 1). Note that the first triangular number is associated with
2 points, the second with 3 points, etc. The formula for the ath triangular number is
n(n + 1)/2. Using this formula, you can determine the number of line segments needed w
connect 20 points so that the points in each pair are the endpoints of a line segment.
Question 4: What is the number?

No. of segments

Answers to Questions 1-4 1. 6 2. There will be 4 new line segments and a total of 10 lin¢
segments for the 5 points. 3. 105 4. The number of line segments needed to connect 20 points
is the 19th triangular pumber: (19 % 20)/2 = 190.

ANGLE MEASUREMENTS

The ancient Babylonians devised a method for measuring angles by dividing a circle
] 360 equal parts, called degrees. One degree (1°) is Téﬁ of a complete turn abouta circle, &
SHIRELS Y grades Aocdn shown in Figure 9.7. Each degree can be divided into 60 equal parts, called minutes, "
begin to establish some
benchmarks by which to
estimate or judge the size of
objects. For example, they

can learn that a “square corner”
is called a right angle and
establish this as a benchmark
for estimating the size of other
angles. p. 172

nto
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each minute can be divided into 60 equal parts, called seconds. This is the origin of the

modern pr'acti'cc of dividing hours into minutes and seconds.

A protractor is a device for measuring angles (Figure 9.8)- To measure an angle,
place the center of the protractor on the vertex of the angle (B in this example), and line up
one side of the angle (BC) with the paseline of the protractor. The protractor in Figure 9.8

shows that $ABC has @ measure of approximatcly 60°.

ay iR ® 80 z

Figure 9.8

ght angle; if itis less
f it is greater than 90°

¢ a measure of 9Q°, as in Figure 0.0q, itis called a ri
(b, it is called an acute angles i
c,itis called an obtuse angle; and if it has a measure of 180°
ight angle. Occa-
han 180° and less than 360°, as shown in

led a reflex angle. To indicate a reflex angle, we draw @

If an angle ha
than 90°, and greater than 0°, as in pa
and less than 180°%, as in part
it is called a straight angle. It is customary tO draw 7 at the vertex ofar
sionally we us¢ angles with measures of more 1
Figure 9.9d. Such an angle 1s cal

circular arc to connect the two sides of the angle.

QObtuse Reflex
angle angle

(c) @

Right Acute
angle angle

Figure 9.9 (@) (b)

are called complementarys; if their sum is
180°, they are called supplementary. Figure 9.10 shows special cases of complementary
and supplementary angles in which the pairs of angles share & common side. If two angles
have the same vertex, share a common side, and do not overlap, they are called adjacent
angles. Angles | and 2 are adjacent complementary angles, and angles 3 and 4 are adjacent

supplementary angles.

If the sum of two angles is 9(°, the angles

Adjacent complementary angles Adjacent supplementary angles

Figure 9.10

) RS TR
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Fold a standard sheet of paper to create models for the following terms.

1. Acute angle 2. Obtuse angle
3. Supplementary angles 4. Complementary angles
Findings from research 5. Adjacent angles

studies suggest that students
often have misconceived

nations about angles and other Solution 1,2, 3, 5. Any crease that intersects an edge of the paper forms supplementary angles

geometric figures that are based with the edges. For example, the crease in figure (a) intersects BC, forming supplementary angles

solely on how these figures are | and 2
oriented in textbooks. supplementary angles 3
crease through a corner of the paper forms adjacent complementary angles with the edges. Angles

. These angles are also adjacent angles. The same crease intersects AB and forms adjacent
and 4. Angles 1 and 4 are acute, and angles 2 and 3 are obtuse. 4,5, Am

Clements and Battista 1992 3 :
5 and 6 in figure (b) are adjacent complementary angles.

Supplementary angles Complementary angles

{b)

Two intersecting lines form four pairs of adjacent supplementary angles. For example.
%1 and %4 in Figure 9.11 are supplementary angles. Nonadjacent angles formed by two
intersecting lines, such as £2 and .4 in Figure 9.11, are called vertical angles.

Figure 9.11

1. Name four pairs of supplementary angles in Figure 9.11.

2. Name two pairs of vertical angles in Figure 9.11.

3. Fold a sheet of paper to create a model of two intersecting lines. Compa
sures of the vertical angles and make a conjecture.

angles: #1and PE

Solution 1. The following pairs of angles are supplementary
les: 42 and %4

and £.3; %3 and £.4. 2. The following pairs of angles are vertical ang
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roduce vertical angles. Angles 1 and 2 in the figure here are vertical

3. Two intersecting Creases p
t. This can be illustrated by folding the angles onto cach other.

angles. Vertical angles are congruen

PERPENDICULAR AND PARALLEL LINES

they are perpendicular. Lines m and n in Fig-
y writing /m | n. Two line segments, such as
f they lie on perpendicular lines. In this

If two lines intersect Lo form right angles,

nding their mathematical ~ Ure 9.12 are perpendicu]ar; this is indicated b

cocabulary. . - _As they describe AB and CD in Figure 9.12 are perpendicular i
THERET T ek

shapes, they should hear, under-  case, we write AB L CDor AB L CD.

qand, and use mathematical

rerms such as parallel, perpen-

dicular, face, edge, vertex, angle,

irapezoid, prism, and 0 forth, to

communicate geometric ideas

with greater precision. p- 166

grades 3-3 should

__students in

be exp

m

3

Figure 9.12 perpendicular lines

ey do not intersect, they are parallel. Lines m and n
imilarly, two segments are
and GH in Figure 9.13 are

If two lines are in a plane and t!
9.13 are parallel; this is indicated by writing | .S

in Figure
parallel if they lie in pg{gllel lines. For example, segments EF

parallel, and we write EF | GH.

Parallel lines

Figure 9.13

[f two lines ¢ and m are intersected by a third line t (see Figure 9. 14), we call line ta
transversal. Two very special angles are created on the alternate sides of the transversal
and interior to lines ¢ and m (angles | and 2 in Figure 9.14). These angles are called alter-
nate interior angles. If the two lines € and m are parallel (as in Figure 9.14), the alternate
The converse of this qatement is also true: If the

interior angles have the same measure.
lines £ and m are parallel. These state-

alternate interior angles have the same Measure,

ments are combined in the following property-

e

amsll
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3y

Alternate Interior Angles If two lines are intersected by a transversal, the lines are
parallel if and only if the alternate interior angles created by the transversal have the

same measure.

Use a standard sheet of paper to model the following geometric terms: parallel lines, per-
pendicular lines, lines intersected by a transversal, and alternate interior angles having the
same measure. Draw and label these on the paper.

Solution The opposite edges of the paper are paralle! line segments, and any two edges that meet
at a corner are perpendicular line segments. Any fold of the paper that intersects the opposite parallel
edges of the paper will create alternate interior angles with the same measure.

There are other ways of obtaining parallel and perpendicular lines by folding paper. Two perpen-
dicular lines can be obtained by folding the paper in half along one edge and then [olding it in hall
along the other edge. Two parallel lines can be obtained by folding the paper in half along one edge

and then folding it in half again along the same edge. .

Problem
What is the maximum number of regions into which a plane can be partitioned by 12 lines?

Understanding the Problem One line partitions a plane into 2 regions, and 2 intersect

ing lines partition a plane into 4 regions. Question 1: What is the maximum number of
regions created by 3 lines in a plane?

Devising a Plan It would be difficult to draw 12 lines and count the resulting rcg“’“"h‘
Let’s make a table to record the numbers of regions for the first few lines. This a;:f{ll'loicis
n 2: Wha

may suggest a solution. Three lines divide the plane into 7 regions. Questio
the maximum number of regions created by 4 lines?




Figure 9.15
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Carrying Out the Plan The following table lists the maximum number of regions for
1.2,3,and 4 lines. Find a pattern and use inductive reasoning to predict the numbers of
regions for the next few lines. Question 3: How many regions will there be for 12 lines?

10 12

No. of lines

No. of regions

Looking Back When a fourth line that is not parallel to any of the first 3 lines is drawn on
the plane, by definition it will intersect each of the 3 given lines. Also, it will cut across 4
regions, as shown in the figure below. This accounts for 4 new regions. Question 4: How
many lines and how many regions will 2 fifth nonparallel line intersect?

Answers to Questions 1-4 1.7 2. 11

3, No. of lines 8

No. of regions

4. The fifth line will intersect 4 lines and 5 regions (o create 5 new regions.

CURVES AND CONVEX SETS

We can draw a curve through a set of points by using a single continuous motion
(Figure 9.15).

Geveral types of curves are shown in Figure 9.16. Curve A 18 called a simple curve because
it starts and stOps without intersecting itself. Curve Bis a simple closed curve because it 1
a simple curve {hat starts and stops al the same point. Curve Cisa closed curve, but since
it intersects itself, itis not a simple closed curve.
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Figure 2.16

Figure 9.17

Figure 9.18
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D G A

Simple curve Simple closed curve Closed curve

Classify each curve as simple, simple closed, or closed.

Solution 1. Closed 2. Simple 3. Simple closed 4. Simple closed
s |

A well-known theorem in mathematics, called the Jordan curve theorem, states tha
every simple closed curve partitions a plane into three disjoint sets: the points on the curve,
the points in the interior, and the points in the exterior, This means that if K is in the interior
and M is in the exterior, then KM will intersect the curve (Figure 9.17).

Convex Sets The union of a simple closed curve and its interior is called a plane region.
Plane regions can be classified as concave or convex. You may have heard the word con-
cave. It is from the Latin word concavus, meaning hollow. Intuitively, a concave set may be
thought of as “caved in,” as in Figure 9.18a. To be more mathematically precise, we saY that
a set is concave if it contains two points such that the line segment joining the points does
not completely lie in the set. The set in Figure 9.18a is concave because XY is not com-
pletely in the set. If a set is not concave, it is called convex. An intuitive way of l:hlﬂiﬂ“gf
about a convex set is to imagine enclosing the boundary of a figure with an elastic band. |
the elastic touches all points on the boundary, as it will for the set in Figure 9.18b, the st
is convex; and if not, as in Figure 9.18a, the set is concave (also sometimes cal

nonconvex).

Concave Convex

(a) : (b)
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Use the angles in the figures in exercises 9 and 10 to iden-
tify the pairs of angles.
9. a. Three pairs of adjacent supplementary angles

b. Two pairs of vertical angles
¢. Two pairs of angles with the same measure

. Three pairs of adjacent supplementary angles
. Three pairs of vertical angles
. Two pairs of adjacent complementary angles

10.

n T o

3Y

11. Draw a circle that illustrates each of the following geo-
metric situations.
a. A diameter that is perpendicular to a chord
b. A line tangent to the circle at one end of a radius
c. Two chords that bisect each other

12. If € and m are parallel lines, explain why the angles in
each pair in parts a through d have the same measure.

25(<3 ¢
5 8
6 7 m
a. 32and #£8
b. X2 and X4
c. X4 and X 8 (These angles are called corresponding
angles.)
d. X1and X7

e. Explain why £ 3 and X8 are supplementary angles.

@ a. What is the measure of the obtuse angle formed by

. : k
@ a. How many degrees will the minute hand of the "-'flr‘;cm

13. If r and s are parallel lines and the measure of Xq s
34.5°, what is the measure of each of the followine

angles?
a. Xe b. A4
c. Ac d. zf

14. If s and t are parallel lines and the measure of £ fis 32°
and the measure of X.a is 40°, determine the measure of
each of the following angles.

a. xb b. #c¢ c. Ad d. Xe e. Xg

<
~iF

A

Use the type of clock shown here to answer the questions in
exercises 15 and 16.

the hour and minute hands of a clock if the time 1¢
8 o’clock?

b. How many degrees will the hour hand of the
clock move through when the time changes from
8 o’clock to 10 o’clock?

c. How many minutes have passed when
hand has moved through 42°7

the minuté

move through when the time changes
8 o’clock to 8:257 K]

our

b. How many hours will have passe:d'-m"'hﬁﬂ.:"j‘B h .

hand has moved through 120°7 e

c. What is the measure of the obtuse am

the hour hand and the minute hand if thetr®
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Classify each curve in exercises 17 and 18 as simple, simple ~ Three lines in a plane may intersect in 0, 1, 2, or 3 points. In
closed, closed, or none of these. exercises 22 and 23, draw lines to support your reasoning.

ERESel B8 S

Determms all the different numbers of points of inter-
section that are possible with four lines in a plane.

Determine all the different numbers of points of inter-
section that are possible with five lines in a plane.

) o ) Draw some figures in exercises 24 and 25 to determine
Classify each region in exercises 19 and 20 as convex or  \parer the following statements are true or false. For each
GOnERYE: false statement show a counterexample.

19. a. b. 24. a. The two diagonals of a parallelogram have the same

length. .

b. Any two angles in a parallelogram that share a com-
mon side are supplementary.

c. The two diagonals of a rectangle have the same length.

25. a. If the two diagonals in a parallelogram have the
same length, the parallelogram is a rectangle.
b. If the midpoints of the adjacent sides of a rectangle
are connected, another rectangle is formed.
¢. If the midpoints of the adjacent sides of a quadrilat-
eral are connected, a parallelogram is formed.

o _ Reasoning and Problem Solving

21. The following photograph shows three crystals of the
mineral staurolite. These crystals are found inall parts of ~ 26. To prepare for their annual volleyball party, the Chase
the world. They are especially common in the Shenan- 1 family has laid out a four-sided volleyball court in which
doah Valley. The crystal on the far right is known as the * two opposite sides have a length of 30 feet each and the
Fairy Stone of the Appalachian Mountains. This form other two opposile sides have a length of 60 feet each.
and the one on the left are often imitated by jewelers. a. Explain why the court may not be rectangular. What
shape might it have?

b. Which statement in exercises 24 or 25 can be used
to determine if the court is rectangular?

. A 70-inch piece of pipe is to be cut at two points A and
% B such that A and B are not on the ends of the pipe and
" the length from A to B is 42 inches. How many possi-
bilities are there for obtaining three pieces of pipe of
different lengths if the lengths are whole numbers?

. Featured Strategies: Solving a Simpler Problem
and Making a Table. What is the maximum number
of points ol intersection for 12 lines?

a. The ridges on the top of the Fairy Stone form two
lines that intersect Lo form four angles of equal mea-

sure. What is the measure of each of these angles? a. Understanding the Problem. The problem asks

b. The ridges on the top of the crystal on the left form for the greatest possible number of points of inter-
three lines that intersect to form six angles of equal section. What is the minimum number ol points of
measure. What i$ the measure of each of these angles? intersection for 12 lines?



33

34.

c. Draw line segment AB. Count the number of times
that AB intersects the curve in (i). How can this
number be used to tell when a point is inside or out-
side a simple closed curve? (Hint: Draw a few sim-
ple closed curves.) Check your answer by drawing
CD for the curve in (ii).

The following simple closed curve is from Puzzles and
Graphs by John Fujii.* Determine whether the points
in each pair below are on the same side of the curve.

°*D
& ~
¢
a.AB b.BC oDC  dBD

An equilateral triangle has three sides of equal length.
Fold a sheet of paper to form an equilateral triangle,
using the creases or edges of the paper. (Hint: Obtain a
centerline by folding the paper in half.)

Writing and Discussion

1. A student who built a pentagonal pattern block figure,

*John Fujii, Puzzles and Graphs (Reston, VA, National Council of

as in question 3 in the one-page Math Activity in this
section, says that the figure has seven sides. How do
you think she got seven and how would you help her so
she doesn’t make that mistake again?

. Students are sorting polygonal shapes into two groups,

parallelograms and nonparallelograms. You see several
students putting squares and rectangles into the non-
parallelogram group. Describe ways you can help these
students understand that squares and rectangles are
parallelograms.

uring a paper-folding activity in your class, a student
concluded that any two line segments that do not inter-
sect must be parallel. Is this student correct? How
would you respond?

Teachers of Mathematics. 1966).

9.23
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4. Pierre van Hiele and Dieke van Hiele-Geldof were

teachers in the Netherlands who developed a theory
about how students learn geometry. The “van Hiele
theory”—that students learn geometry by progressing
through five stages or levels of reasoning—prompted
much research on the teaching and learning of geome-
try. Find information about the van Hiele levels of rea-
soning in geometry and describe each level and how
the levels differ.

Making Connections

1

Read the first two recommendations for the Grades 3-5
Standards—Geometry (see inside front cover).
Describe ways that you can help students in grades 3-5
begin to understand abstract relationships among quad-
rilaterals. As examples: all squares are rectangles but
not all rectangles are squares; squares are all thom-
buses, but not all rhombuses are squares; all squares,
rhombuses, and rectangles are parallelograms, etc.

. In the one-page Math Activity at the beginning of this

section you discovered a way to predict the sum of the
measures of the interior angles of a polygon. Use the
pattern block figures on that page to predict the sum of
the measures of the “outside angles” of any polygon.
An example of the five outside angles of a pentagon is
shown in this diagram.

. Assume thal you have a classroom set of circular pro-

tractors and have taught students to measure angles.
The Standards stalement on page 572 suggests that
students learn to estimate angle measure. Design a two-
person game that will help students learn to estimate
angle measures. Write rules for the game in which stu-
dents will check their estimates using the protractor.

_ Read the Research statement on page 574 Explain what

you believe the statement means for angles and figures.
Include sketches of figures with your explanation.

«#




